Abstract. This paper presents the design of a manipulator working in a highly constrained workspace. The difficulties implied by the geometry of the environment lead to resort to evolutionary-aided design techniques. As the solution space is likely to be shaped strangely due to the particular environment, a special attention is paid to support the algorithm exploration and avoid negative impacts from the problem formulation, the fitness function or the evaluation. In that respect, a specific genome able to encompass all cases is set up and a constraint compliant control law is used to avoid the arbitrary penalization of robots. The presented results illustrate the methodology adopted to work with the developed evolutionary-aided design tool.
Introduction
In the field of robotic manipulator design, the classical methods [17] turn out to be inefficient when the problem is highly constrained, as the expressions of the constraints (obstacles) cannot be formalized into a classical design formulation. Thus, it is hard to check if a solution complies with the constraints. Moreover, the solution space may be very large, and as the validations are time consuming, it is relevant to use performance indicators and to consider the problem as a multiobjective optimization.
The presence of multiple objectives in a problem gives rise to a set of optimal solutions, instead of a single optimal solution. This set of solutions is known as the In a typical minimization problem where the fitness f is composed of n functions
Based on this principle, the solution of a multiobjective optimization is a set of nondominated solutions (Pareto-optimal solutions) to the problem . In the absence of any further information, one of these Pareto-optimal solutions cannot be said to be better than the other. Evolutionary Algorithms (EAs) have been widely used in robotics design optimization ([6] , [12] ) as they are very well adapted for optimization over vast, non continuous search space. This field of application of EA is a growing trend and is mentioned as evolutionary-aided design in the introductory chapter of this book. One of the first robot design problems using EA was carried out by Sims [21] , generating creatures competing in walking, jumping, swimming, etc.
Since 1990, a large number of MultiObjective Evolutionary Algorithms (MOEAs) have been proposed ([7, 8, 9, 11, 24, 27] ). The primary reason for this is their ability to find multiple Pareto-optimal solutions in one single simulation run. Since EAs work with a population of solutions, a simple EA can be extended to maintain a diverse set of solutions. EAs are now widely used, from the whole system structure design to robots reconfiguration [10] , controller design, and in various domains such as cooperative robotics [23] and mini-invasive surgery [19] . Amidst several works presented for optimal designs of fundamental robots, Snyman et al. utilized in [22] EAs for the design of a 3R industrial robot while aiming at minimizing joint torque over an entire given trajectory. Another eminent contribution by Ceccaralli and Lanni ([3] ) and Carbone et al. in [2] involved the formulation of the robot design problem as a multiobjective optimization problem. However, the complexity associated with cluttered environments and larger number of Degrees Of Freedom (DOFs) is left unaddressed.
This paper details some of the key issues in the design of a robotic serial arm in a highly constrained environment with a special attention to keep the best conditions for the EA to explore the solution space. In that scope, the way to set up the problem (genome choice), the algorithm itself (type and genetic operators), the evaluation step (trajectories, control law) and the indicators retained are fundamental elements. The work in [4, 5, 25] come close to the presented approach. In general, these approaches employ modular robots to cater the task specifications and recommend specific encoding systems to employ EAs to handle varying number of DOFs. However, the work presented in these papers is limited to some specific workspaces and trajectories.
